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METHOD OF AND SYSTEM FOR TRACING
MONOCHROMATICALLY CONTRASTING
PATTERN

FIELD OF THE INVENTION

The present invention relates to a method of and a
system for tracing a monochromatically contrasting
geometrical or graphic pattern on a uniplanar surface
such as a sheet of drawing carrying a linear or curvilin-
ear line. !

BACKGROUND OF THE INVENTION

An example of prior-art pattern tracing systems of the
nature above mentioned is disclosed in U.S. Pat. No.
3,423,589 showing a photoelectric pattern-contour trac-
ing system in which a sensing head having two discrete
photocells 1s rotatable about its center axis and is mov-
able over and along the pattern contour to be traced.
The sensing head is positioned with respect to the pat-
tern contour in such a manner that the two photocells
are spaced apart in a direction perpendicular in non-
Intersecting relationship to the pattern contour. When
the sensing head assumes a position having the photo-
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cells located symmetrically with respect to the width of 25

the pattern contour, viz., when the center line of the
spacing between the photocells is located accurately
above the longitudinal center line of the pattern con-
tour, the photocells are subjected to light of equal inten-
sities sO that the currents respectively produced by the

30

photocells are equal in magnitude to each other. When

the sensing head is deviated from the correct position
over the pattern contour, the two photocells sense light
of different intensities and thus produce currents with
different magnitudes. The path along which the sensing
head is to travel is adjusted upon detection of such a
difference between the magnitudes of the currents re-
spectively produced by the two photocells.

Since the adjustment of the path along which the
sensing head is to advance 1s thus made through detec-
tion of the currents actually produced by the photocells
moved with the sensing head, the sensing head must be
moved and turned in various directions before a correct
path i1s determined. For this reason, the sensing head
must be equipped or associated with a disproportion-
ately large number of mechanical members and struc-
tures which are subject to erroneous motion and failure
during operation and which will add to the measure-
ments, weight and production and mainterance costs of
the tracing system as a whole. Because, furthermore, of
the fact that the sensing head essentlally consists of only

two photocells which are juxtaposed in close proximity
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pattern in terms of the xy-coordinates of the matrix
array and another one of the transducer element pro-
duces binary signals indicative of the location of the
leading end of the portion of the pattern in terms of the
xy-coordinates. The matrix array is thus moved from
the position indicated by the binary signals proudced by
the former transducer element to the position indicated
by the binary signals produced by the latter transducer
element. Only the direction in which the portion of the
pattern to be traced i1s detected by the matrix array,
which is therefore not responsive to the width of the
pattern and which is accordingly not capable of recog-
nizing acute angles and lines which are close to each
other. |

The present invention contemplates elimination of
these and other drawbacks inherent in prior-art pattern
tracing systems of the described general natures.

SUMMARY OF THE INVENTION

In accordance with one outstanding aspect of the
present invention, there is provided a method of tracing
a monochromatically contrasting pattern on a uniplanar
surface, comprising photoelectrically scanning at leasta
portion of the pattern of the uniplanar surface for pro- -
ducing signals forming on a plane substantially paraliel
with the uniplanar surface a detected image sensing
zone substantially similar in configuration to the portion
of the pattern on the uniplanar surface, registering
pteces of information representative of a predetermined
number of modified reference areas each displaced a
predetermined distance in a predetermined direction

from a prescribed basic area on the aforesaid plane,

sampling the pieces of information for delivering signals
representative of each of the individual modified refer-
ence areas, producing in respenswe to the signals repre-
sentative of the detected image sensing zone and the
signals representative of each of the modified reference -
areas a signal representative of the overlap area over
which the detected image sensing zone is overlapped by
each of the modified reference area, selecting from
among the individual signals respectively representatwe

- of the overlap areas between the detected image sensmg
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to each other and which are to be moved along the

pattern to be traced, the sensing head can not be satis-

factor:ly sensitive to acute angles and to lines extending

in close proximity to each other. | | |

Another example of known pattern traemg systems 1S
taught in Japanese patent Publication No. 49-42803
showing a photoelectric pattern tracing system using a
two-dimensional matrix array consisting of a number of
photoelectric transducer elements arranged on xy-coor-

dinates. The matrix array is positioned over the pattern )
to be traced and produces binary signals from those

transducer elements which are located above a portion
of the pattern. When the matrix array assumes a certain

55
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zone and the modified reference areas a signal represen-
tative of an overlap area satisfying predetermined con- -
ditions, producing a control signal representative of the

predetermined direction allocated to the modified refer-

ence area correspondmg the signal selected, and photo-

electrically scanning another portion of the pattern on

the unlplanar surfaee depending upon the eontrol sig-

nal. -
In aceordanee with another outstandlng aspeet of the

present invention, there is provided a photoelectric
pattern tracing system for tracing a monochromatically =
-eont'rastin‘g pattern on a unip]anar'surfaee comprising
- an image sensing unit which is movable on a plane sub-
stantially parallel with the uniplanar surface and which ~ ~
- is photoelectrically responsive to the pattern on the "~ =
uniplanar surface, a predetermmed number of memory -
units each having stored therein pieces of information - -
representative of a modified reference area displaced a
 predetermined distance in a predetermined direction

from a- prescnbed basic reference area on the aforesaid -

- .plane, lmage readout means - eperatwe to electrleally

65

position over the portion of the pattern, one of the -

transducer elements produces binary signals indicating

the location of a specific point of the portion of the

scan the image sensing unit for causing the i image sens-
ing unit to deliver signals in response to at least a por-

tion of the pattern, the signals formmg on the above

-mentloned plane a detected lmage sensmg zone substan-’
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tially similar in configuration to the aforesaid portion of
the pattern, memory readout means operative to sample
the pieces of information stored in each of the memory
units for causing the individual memory units to deliver
signals representative of the modified reference areas
respectively allocated to the memory units, an overlap

area monitor circuit responsive to the signals delivered

from the image sensing unit and the memory units and
operative to produce a signal representative of the over-
lap area over which the basic reference area represented

by the signals delivered from the image sensing unit is
overlapped by the modified reference area represented
by the signals delivered from each of the memory units,
computing means responsive to the signal from the
overlap area monitor circuit and operative to select
from among the signals produced by the overlap area
monitor circuit a signal representative of an overlap
area satisfying predetermined conditions and to pro-
duce an output signal representative of the predeter-
mined direction allocated to the memory unit from
which the signals resulting in the signal selected by the
computing means are delivered, and drive means re-
sponsive to the output signal from the computing means
and operative to drive the image sensing unit to move a
predetermined distance on the aforesaid plane in the
direction represented by the output signal from the
computing means.

In accordance with still another outstanding aspect of
the present invention, there is provided a combination
of the new photoelectric pattern tracing system and a
machine tool such as an oxyacetylene torch.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of a photoelectric pat-
tern tracing system according to the present invention
will be more clearly appreciated from the following
description taken in conjunction with the accompany-
ing drawings, in which:

FIG. 1 1s a schematic perspective view showing,

largely in a block diagram, a preferred embodiment of 40

the pattern tracing system according to the present
invention;

FIG. 2 1s a schematic plan view showmg, part]y in a
block diagram, the image sensing unit and the image
and memory readout means forming part of the embodi-
ment shown in FIG. 1; |

FIG. 3 1s a plan view showing, to an enlarged scale,
the area-configuration matrix array of photoelectric
transducer elements forming part of the image sensing
unit in the arrangement illustrated in FIG. 2;

FI1G. 4 i1s a diagram showing the principles on the
basis of which the basic and modified reference areas
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used as reference indexes in the embodiment of FIG. 1

are to be formulated in regard to the detected image

~ sensing zone representative of a portion of the pattern

to be traced;
FIG. § is a block diagram showmg preferred exam-
ples of the circuit arrangement of the memory and over-

lap area monitor circuits forming part of the embodi-'

ment illustrated in FIG. 1;
FIG. 6 is a flowchart representatwe of the various
steps to be taken in the central processing unit in the

embodiment of FIG. 1;
FIG.7isa schematlc view showing the arrangement

in which another preferred embodiment of the present
invention 1s to operate;

FI1G. 8 1s a graphic representation of the detected
image sensing zone formed by a hinear-configuration

55

65

4

rotary matrix array in the arrangement illustrated in
FIG. 7;

FIG. 9 is a graphic representation of the modified
reference areas to be registered in the embodiment of
FIG. 7; and

FI1G. 10 is a graphic representation of the area over
which the detected image sensing zone indicated iIn

FI1G. 8 1s overlapped by one of .the modified reference
areas shown in FIG. 9.

DETAILED DESCRIPTION OF THE
'PREFERRED EMBODIMENTS

A first preferred embodiment of the photoelectric
pattern tracing system according to the present inven-
tion will be hereinafter described in detail with refer-
ence to the accompanying drawings, particularly FIGS.
1 to 6 thereof.

Referring first to FIG. 1 of the drawings, the photoe-
lectric pattern tracing system according to the present
invention is used for the purpose of tracing a monochro-
matically contrasting geometric or graphical pattern
carried on a uniplanar surface of a suitable recording
medium which is shown, by way of example, to be in
the form of a sheet of drawing 10 carrying a dark, curvi-
linear pattern 12 on its bright front face. In FIG. 1,
furthermore, the photoelectric pattern tracing system
proposed by the present invention 1s assumed, by way of
example, to be used in combination with an oxyacety-
lene cutting torch 14 for making In a ferrous or
wrought-iron sheet 16 a curvilinear cut 18 which 1s
identical in configuration with the curvilinear pattern
12 on the drawing 10. The cutting torch 14 is coupled to
a gas hose 20 leading from a suitable supply source (not
shown) of oxyacetylene gas under pressure. If desired,
the single cutting torch 14 as shown may be substituted
by a set of oxyacetylene cutting torches arranged in
parallel with one another on a common torch carrier
(not shown).

In FIG. 1, the photoelectric pattern tracing system
embodying the present invention is shown comprising a
photoelectric image sensing unit 22 which is movable 1n
two directions perpendicular to each other on a com-
mon plane parallel with the front face of the drawing
10. In the arrangement herein shown, the drawing 10 is
assumed to be positioned on a horizontal plane with its
front face directed upwardly so that the photoelectric
image sensing unit 22 is movable over the front face of
the drawing 20 in two horizontal directions perpendicu-
lar to each other as indicated by arrows x and y. The
cutting torch 14 or the above mentioned common torch
carrier having a plurality of cutting torches supported
thereon is mechanically connected to the sensing unit 22
by means of a suitable coupling mechanism which is
shown including a single connecting bar 24 connected
at one end to the sensing unit 22 and at the other to the
cutting torch 14. The cutting torch-14 or the common
torch carrier is, thus, also movable in two horizontal

directions perpendicular to each other over the front or

upper face of the workpiece 16 whlch is also assumed to
be positioned horizontally. =

Turning to FIG. 2 of the drawmgs the photoelectric
image sensing unit 22 comprises a two-dimensional
image sensing matrix array 26 consisting of a predeter-
mined number of separate and discrete photoelectric
transducer elements 28 which are arranged in predeter-
mined numbers of rows and columns on a common
plane parallel with the plane on which the sensing unit
22 1s movable. The image sensing matrix array 26 is
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electrically connected to first and second or X-axis and
Y-axis shift registers 30 and 32 which constitute image
readout means in the tracing system according to the
present invention. The X-axis shift register 30 is adapted
to sequentially sample the individual photoelectric
transducer elements of each row at a predetermined
frequency in response to a series of actuating signals
successively supplied to the shift register 30. On the
other hand, the -Y-axis shift register 32 is adanted to
sequentially select the rows of the transducer elements
28 1n response to actuating signals supplied in succession
from the X-axis shift register 30 upon completion of the
sampling of the individual rows of the transducer ele-
ments 28 by the X-axis shift register 30. Each of the
X-axis and Y-axis shift registers 30 and 32 -to achieve
these functions may be constituted by an ordinary digi-
tal shift register using, for example, a series of set-reset
flipflops.

In FIG. 3, the photoelectric transducer elements 28
constructing the two-dimensional image sensing matrix
array 26 are shown arranged in the form of 50X 50
matrix. A total of 2,500 transducer elements 28 thus
arranged are, by way of example, assumed to be
mounted on a square-shaped silicon substrate measuring
1.8 cm 1n both length and breadth and respectively
constituted by diffused p-n junction photodiodes. When
each of the photoelectric transducer elements 28 is elec-
trically energized in the presence of light falling on the
transducer element, the transducer element 28 produces
an electric output signal which is largely proportional in
magnitude to the intensity of the light incident on the

transducer element as i1s well known in the art. Each of

the transducer elements 28 forms part of an electric
network adapted to produce a binary signal depending
upon the magnitude of the analog signal produced by
the transducer element but is herein assumed for brevity
of description to be operative to produce in itself a logic
“1” output signal 1n response to the light reflected from
a dark surface and a logic “0” output signal in response
to the light reflected from a bright surface. It therefore

follows that, when the image sensing matrix array 26 is

positioned above a portion of the curvilinear pattern 12
on the front face of the drawing 10 and provided all the
photoelectric transducer elements 28 of the matrix array
26 thus positioned are energized concurrently, each of
the transducer elements 28 located above the portion of
the curvilinear pattern 12 is actuated to produce a logic
“1” output signal and each of the remaining transducer
elements 28 of the matrix array 26 produces a logic “0”
output signal. In FIG. 3, those transducer elements 28
which are located above the particular portion of the
curvilinear pattern 12 and which are thus producing
logic “1”” output signals are indicated by sections each
marked with a dot. The photoelectric transducer ele-
ments 28 represented by the dotted sections form a
detected image sensing zone M responsive to the image
of the above mentioned portion of the curvilinear- pat-
tern 12 on the drawing 10 as schematlcal]y 1nd1cated 1n
FIG. 4.

Revertlng to FIGS. 1 and 2, the X-axis shift reglster

30 1s connected by a line 34 to a clock generator module

36 (shown in block form in FIG. 1) and is cyclically
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- to each other ona common plane paraliel with the plane -

45

50

6
lected by the Y-axis shift register 32. The individual
photoelectric transducer elements 28 of each row are
thus sequentially scanned by the X-axis shift register 30
and produce logic “1” or “0” output signals as clock
pulses are supplied successively from the clock genera-
tor module 36. The logic *“1” or “0” output signals thus
delivered from the image sensing matrix array 26 are
successively supplied through a line 40 to an overlap

area monitor circuit 42 the functions of which wiil be

described later. Upon completion of the sampling of the
photoelectric transducer elements 28 of each row, an
end-of-scan signal is supplied from the X-axis shift regis-
ter 30 to the Y-axis shift register 32 via a line 38 inter-
connecting the two shift registers 30 and 32 and actuates
the Y-axis shift register 32 to-select -the next row of
photoelectric transducer elements 28 for enabling the
X-axis shift register 30 to sample the photoelectric
transducer elements 28 of the row newly selected.
When the last one of the photoelectric transducer ele-

ments 28 of the last row is accessed by the X-axis shift
register 30, an end-of-frame signal is delivered from the
Y -axis shift register 32 and is fed through a line 44 to the

‘above mentioned overlap area monitor circuit 42 and

further to a central processing unit (CPU) 46.
Referring again to FIG. 3 of the drawings, the gener-
ally circular, hatched area defined by thick, stepped
boundary lines indicates a basic reference area which is
representative of the area which is to be cut out in the
workpiece 16 (FIG. 1) by the jet flame produced by the
cutting torch 14 or each of the previously mentioned
cutting torches carried by a common-torch carrier
when the cutting torch is held at rest above the work-
piece. In the present invention, there is further intro-
duced the concept and term of “modified reference
area”. A modified reference area herein referred to is
defined as the area which is imaginarily obtained on the
image sensing matrix array 26 when the above men-
tioned basic reference area No is moved a predeter-
mined distance d from its original position on the matrix
array 26 in one of four predetermined directions angled

on which the photoelectric transducer elements 28 are
arranged. In the embodiment of the present invention,
four modified reference areas Na, Nb, Nc and Nd are
considered, which are to be obtained on the image sens-
ing matrix array 26 when the basic reference area N is
moved the predetermined distance d from its original
position 1n first, second, third and fourth directions
which are successively angled at 90 degrees to each
other as indicated by a, b, ¢ and d, respectively, in FIG.

4, viz., forwardly, rearwardly; rightwardly and left-

'wardly when viewed in FIG. 4. In FIG. 4, the amount .

of displacement of each of the modified reference areas

- Na to Nd from the basic reference area N is shown

33

- Ncand Nd are registered in a memory circuit 48 (FIG. R

60

actuated by a series of clock pulses supplied at a prede-

termined frequency from the clock generator module
36. In response to each of the clock pulses thus supplied
In succession from the clock generator module 36, the
X-axis shift register 30 is actuated to sample each of the
photoelectric transducer elements 28 of the row se-

65

exagerated but is preferably such that is substantially

‘equal to the measurement of each of the transducer."

clements 28. - : e
The first to fourth mod:ﬁed reference areas Na Nb

1) which is connected by an address bus 50 to a memory

address signal generator 52 (FIG. 2) which constitutes

memory readout means in the pattern tracing system
according to the present invention and which may be
incorporated into the image sensing unit 22. The mem-
ory address signal generator 52 in turn is connected by

a bus 54 to the X-axis shift register 30 and by abus 56to
the Y-axis shift register 32 as shown in FIG. 2. As the

rows of the photoelectric transducer elements 28 are
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successively selected by the Y-axis shift register 32 and
the individual photoelectric transducer elements 28 of
the selected row are sampled by the X-axis shift register
30, a signal representative of the location in the selected
row of the photoelectric transducer element 28 being
sampled and a signal representative of the selected row

of the photoelectric transducer elements 28 are fed from

the X-axis and Y-axis shift registers 30 and 32 to the
memory address signal generator 52 through the buses

54 and 56, respectively, and causes the signal generator
52 to produce an address signal respresentative of the
coordinate location in the matrix array 26 of the particu-
lar photoelectric transducer element 28 being sampled
by the X-axis shift register 30. A series of address signals
are thus successively supplied from the addressing sig-
nal generator 52 to the memory circuit 48 through the
memory bus 50 and actuate the memory circuit 48 to
read out the above described first to fourth modified
reference areas Na, Nb, Nc and Nd synchronously as
the photoelectric transducer elements 28 of the image
sensing matrix array 26 are sampled sequentially by the
X-axis shift register 30. The memory circuit 48 has
output terminals connected by lines 58 to the overlap
area monitor circuit 42.

Referring to FIG. § of the drawings, the memory
circuit 48 comprises four, first to fourth, memory units
48a, 48), 48c and 48 d having mput ports connected by
the address bus 50 to the memory address signal genera-
tor 52 (FIG. 2). The first to fourth memory units 484,
480, 48¢c and 484 have registered therein the previously
mentioned first to fourth modified reference areas Na,
Nb, Nc and Nd, respectively, and are triggered concur-
rently each time an address signal 1s supplied from the
memory address signal generator 52 through the ad-
dress bus 50. Each of the memory units 48a, 485, 48c¢
and 48d consists of a number of memory cells respec-
tively allocated to the individual photoelectric trans-
ducer elements 28 of the image sensing matrix array 26
and 1s adapted to produce a logic *“1” or “0” output
signal depending upon whether the transducer element
28 corresponding to the particular memory cell ac-
cessed by an address signal supplied to the memory unit
falls within or outside the modified reference area regis-
tered in the memory unit. In the arrangement herein
shown, it 1s assumed by way example that each of the
memory units 48a, 485, 48¢ and 484 is adapted to pro-
duce a logic “1” output signal when the transducer
element 28 corresponding to the particular memory cell
sampled by an address signal supplied to the memory
unit falls within the modified reference area registered
in the memory. If, therefore, the transducer element 28
corresponding to the memory cell sampled by an ad-
dress signal supplied to, for example, the first memory
unit 48a falls within the first modified reference area

Na, the memory unit 484 produces a logic “1” output
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signal. If, conversely, the transducer element 28 corre-

sponding to the memory cell accessed by the address
signal supplied to the memory unit 48a happens to be
outside the first modified reference area Na, then the
memory unit 48a produces a logic “0” output signal.
Each of the first to fourth memory units 48a to 484 is
thus actuated to successively produce logic “1”’ and/or
“0” output signals as address signals respectively repre-
sentative of the coordinate locations of the photoelec-
tric transducer elements 28 being sampled by the X-axis
- shift register 30 (FIG. 2) are fed to the memory unit.
The output signals thus produced by the four memory

65
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units 48a to 484 are supplied through the lines 58 to the

overlap area monitor circuit 42.

The overlap area monitor circuit 42 is adapted to
monitor the area over which the detected image sensing
zone M shown in FIG. 3 is overlapped by each of the
first to fourth modified reference areas Na to Nd and
comprises four, first to fourth, logic “AND” gate cir-

cuits 60a, 6056, 60c and 60d each having two, first and
second, input terminals. The first input terminals of the

logic “AND?” gate circuits 60a to 60d are connected by
lines 58a to 584 to the first to fourth memory units 48a
to 484, respectively. The respective second input termi-
nals of the logic “AND?” gate circuits 60z to 60d are
connected jointly to the line 40 leading from the image
sensing matrix array 26. Thus, each of the first to fourth
logic “AND” gate circuits 60a to 60d is adapted to
produce a logic “1” output signal in the presence of
logic “1”” signals at both of its first and second input
terminals, viz., when the photoelectric transducer ele-
ment 28 being sampled by the X-axis shift register 30
falls within the detected image sensing zone M and
concurrently the transducer element 28 corresponding
to the memory cell accessed by an address signal 1m-
pressed on each of the memory units 48z and 484 falls
within the modified reference area Na, Nb, Nc or Nd
registered in the particular memory unit. The memory
address signal generator 52 i1s arranged to produce ad-
dress signals in synchronism with the individual scan-
ning steps taken by the X-axis shift register 30 so that
each of the above described logic “AND” gate circuits
60a to 60d is operative to produce a logic “1” output
signal each time the photoelectric transducer element
28 corresponding to the memory cell sampled by an
address signal supplied to the respectively associated
one of the memory units 48a to 484 falls within both the
detected 1image sensing zone M and the modified refer-
ence area Na, Nb, Nc or Nd registered 1n the particular
memory unit.

Each of the memory units 48a to 48d constituting the
memory circuit 48 is preferably of a programmable
nature so that the modified reference area to be regis-
tered therein can be changed or adjusted depending
upon the desired width of the cut to be made in the
workpiece and/or the width of the pattern to be traced.
Such a memory unit may be constituted by, for exam-
ple, a programmable read only memory (PROM) or a
random access memory {RAM). The memory units 48¢
to 484 are thus shown connected to the central process-
ing unit 46 by a control bus 62 so that each of the mem-
ory units can be programmed or re-programmed {rom
the central processing unit 46. |

The overlap area monitor circuit 42 further com-
prises four, first to fourth, digital counter circuits 64q,
645, 64c and 644 having input terminals connected to
the output terminals of the first to fourth logic “AND”

gate circuits 60a, 605, 60c and 60d, respectively, and
trigger terminals jointly connected to the clock genera-
tor module 36 (FIG. 1) through the line 34. The counter
circuits 64a to 644 further have reset terminals jointly
connected to the Y-axis shift register 32 through the
end-of-frame signal line 44. Each of the counter circuits
64 to 644 is thus adapted to count the logic “1” output
signals from the associated “AND” gate circuit 60q,
605, 60c or 60d in synchronism with the clock pulses
supplied to the counter circuit through the line 34.
Upon completion of the readout of all the photoelectric
transducer elements 28 of the image sensing matrix
array 26 (FIGS. 2 and 3), the end-of-frame signal is
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supplied to each of the counter circuits 64a to 644
through the line 44 and causes each counter circuit to
produce an output signal representative of the number
of the counts registered therein. The counter circuits
64a to 644 are thereafter cleared and are made ready for
operation in the subsequent scanning cycle. The respec-
tive output signals produced by the counter circuits 64a
to 64d are fed to the central processing unit 46 through
buses 664 to 664 (which are represented by a bus 66 in
FIG. 1). As will be readily understood, each of the
output signals thus delivered from the first to fourth
counter circuits 64a to 64d to the central processing unit
46 is representative of the area over which the detected
image sensing zone M and each of the first to fourth
modified reference areas Na to Nd, respectively, over-
lap each other. The central processing unit 46 consti-
tutes computing means in the pattern tracing system
according to the present invention and is basically oper-
ative to select from among the signals respectively de-
livered from the first to fourth counter circuits 644 to
64d a signal representative of an overlap area satisfying
predetermined conditions and to produce an output
signal representative of the direction a, b, ¢ or d (FIG.
4) allocated to the memory unit 48a, 4856, 48¢ or 48d
from which the signals resulting in the signal selected
by the central processing unit 46 are delivered.

In response to the output signals delivered from the
overlap area monitor circuit 42, the central processing
unit 46 is caused to start operation as indicated at 68 in
the flowchart of FIG. 6 and registers 1n a first step 70
the pieces of information representatwe of the four
overlap areas over which the detected image sensing
zone M is overlapped by the first to fourth modified
reference areas Na to Nd. The step 70 is followed by a
second step 72 to check whether or not all the overlap

areas registered in the first step 70 are zeros. If, in this
instance, the answers in the second step 72 are all in the
affirmative “YES”, viz., all the modified reference areas
Na, Nb, Nc and Nd are located outside the detected
Image sensing zone M, a signal is produced in a third
step 74 for interrupting the movement of the photoelec-
tric sensing unit 22 (FIG. 1) and adjusting the position
of the sensing unit 22 with respect to the pattern 12 on
the drawing 10 by, for example, human intervention.
If, however, at least one of the answers taken in the
second step 72 1s in the negative “NQO”, viz., at least one
of the overlap areas over which the detected image
sensing zone M i1s overlapped by the first to fourth
modified reference areas Na to Nd is not zero, then the
pieces of information registered in the first step 70 are
processed in a fourth step 76 wherein the direction a, b,
c or d (FIG. 4) in which the photoelectric image sensing
unit 22 (FIG. 1) was moved during the immediately
preceding cycle of operation is registered. In the fourth
step 76, the pieces of information representatwe of the
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four overlap areas are processed to determine and ex-

clude the overlap area formed by the modified refer-
ence area Na, Nb, Nc or Nd which corresponds to the
direction a, b, ¢ or d registered in the step 76. The pieces

of information representative of the remaining three

overlap areas are further processed in a fifth step 78 so
as to determine whether or not one and only one of the
three overlap areas 1s closer to a predetermined value

than the other two. If the answer in the fifth step 78 is
65

in the affirmative “YES”, viz., only one of the selected

| -pattern tracing system according to the present inven- '
‘tion  will be hereinafter described w:th reference to o

three overlap areas is closer to the predetermined value

than the other two of the three overlap areas, a control

signal Sx or Sy representative of the direction in which

10
the photoelectric sensing unit 22 1s to be moved over the
drawing 10 (FIG. 1) 1s produced in a sixth step 80. If,
however, the answer taken in the fifth step.78 is in the
negative “NQO”, viz., the three overlap areas selected in

the fourth step 76 are equal to each other or two of the
selected three overlap areas are equal to each other and

are closer to the predetermined value than the remain-
ing one of the three overlap areas, a control signal Sn is
produced in a seventh step 82, callmg for movement of
the photoelectrlc sensing unit 22 in the same direction as
the direction in which the sensing unit 22 was caused to
move during the immediately preceding cycle of opera-
ttion. The control signal Sx or Sy produced 1n the sixth
step.80 or the control signal Sn produced in the seventh
step 82 i1s registered in an eighth step 84 and through the
eighth step 84 further registered in the fourth step 76.
The eighth step 84 is followed by a ninth step 86 in

~which it 1s confirmed whether or not the tracing opera-

tion for the drawing 10 (FIG. 1) is complete. If the
answer in the ninth step 86.is in the affirmative “YES”,
an end-of-program 51gnal appears 1n a tenth step 88. If,

‘however, the answer in the ninth step 86 1s in the nega-

tive “NO”, viz., the tracing 0perat10n 1s still to go on,
the central processing unit 46 is kept ready to register in
the first step 70 new pieces of information to be pro-
duced in the subsequent cycle of operation.. |

The control :ﬂgnal Sx or Sn or the control signal Sy
or Sn produced 1n the sixth or seventh step 80 or 82 in
the central processing unit 46 is fed through a line 90 or
a line 90’ to an X-axis drive unit 92 or a Y-axis drive unit
92', respectively, which is drivingly connected to the
photoelectric sensing unit 22 as shown schematically in
FIG. 1. In response to the control signal Sx, Sy or Sn,
the X-axis drive unit 92 or the Y-axis drive unit 92’ is
actuated to drive the photoelectric sensing unit 22 to
move a predetermined unit distance in a direction indi-
cated by arrow x in FIG. 1, viz., rightwardly or left-
wardly over the front face of the drawing 10 or in a
direction indicated by arrow y in FIG. 1, viz., for-
wardly or rearwardly depending upon the polarity of
the control signal Sx, Sy or Sn supplied to the drive unit
92 or 92. The above mentioned predetermined unit
distance over which the photoelectric sensing unit 22 is

to be moved each time the drive unit 92 or 92’ is actu-

ated is preferably the previously mentioned predeter-
mined distance d which each of the modified reference
areas Na to Nd 1s displaced from the basic reference
area N in the matrix array 26 illustrated in FIGS. 3 and
4. Each of the X-axis and Y-axis drive units 92 and 92’
may be constituted by a puised stepping motor. The
predetermlned value with which the three overlap areas
selected in the fourth step 76 are to be compared in the
fifth step 78 may be selected so that the overlap area

or in proximity to the center line of the detected i Image.
sensing zone M shown in FIGS. 3 and 4. |
'A second preferred embodiment of the photoelectrlc: -

FIGS. 7to 9 of the drawmgs B o
While the photoelectrlc image sensmg unit 22 of the

‘embodiment of the tracing system hereinbefore de-
‘scribed uses the two-dimensional or area-canﬁguratlon_ o
1mage sensing matrix array 26, the photoelectric image .

sensing unit mcorporated in the second embodiment of

‘the present invention comprises a linear- conﬁguratlon

rotary photoelectrlc matrix array 94 having a sultable |

--number of photoelectrlc transducer elements .96 ar-
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ranged linearly on a common elongated substrate. The
photoelectric matrix array 94 is rotatable about one end
thereof on a plane parallel with the front face of a draw-
ing (not shown) carrying a dark, uniplanar pattern on
the front tace. The photoelectric transducer elements 96
constituting the matrix array 94 are herein assumed to
be 32 in number by way of example and are denoted by
Dy, Dy, D3, . .. D3 from the axis of rotation of the
matrix array 94 to the outermost end of the array 96 as
indicated in FIG. 7. Each of the photoelectric trans-
ducer elements 96 is preferably constructed by a dif-
fused p-n junction photodiode similarly to the photoe-
lectric transducer elements 28 constituting the image
sensing matrix array 26 in the first embodiment of the
present invention,

The length of the linear-configuration matrix array
94, viz., the radius of rotation of the matrix array 94
about its innermost end 1s assumed to be substantially
equal to the radius of the previously mentioned basic
reference area N in the area-configuration photoelectric
matrix array 26 shown in FIG. 3. When, thus, the matrix
array 94 turns about the innermost end thereof, the
matrix array 94 describes a circular scanning area as
indicated by S in FIG. 7. If, therefore, the matrix array
94 is rotated about its innermost end on a plane parallel
with the front face of the drawing, those photoelectric
transducer elements 96 which travel in proximity to a
portion of the pattern on the front face of the drawing
will produce a logic “1” output signal in response to the
light reflected from the particular portion of the pattern
and thereby form a detected image sensing zone M’
within the circular scanning area S as indicated by a
hatched area in FIG. 7. It will be apparent that the
detected 1mage sensing zone M’ thus formed by the
linear-configuration matrix array 94 corresponds to the
previously mentioned detected image sensing zone M
formed by the area-configuration photoelectric matrix
array 26 shown in FIGS. 3 and 4. |

If, thus, the linear-configuration matrix array 94 is
rotated about 1ts innermost end in a direction indicated
by arrow e in FIG. 7 and if the photoelectric transducer
elements 96 constituting the matrix array 94 are sampled
at each of time intervals respectively corresponding to
predetermined angular intervals of, for example, 10
degrees about the axis of rotation of the matrix array 94,
the matrix array will produce logic “1”’ output signals
with a characteristic represented by a hatched area H in
the graph of FIG. 8. In FIG. 8, 01, 0, . . . 05 represent
the angles of rotation at certain angular intervals from a
certain angle 8; at which the matrix array 94 rotated
from a predetermined initial line OX in polar coordi-
nates having an origin O at the axis of rotation of the
matrix array 94 first responds to the pattern on the front
face of the drawing and commences formation of the
detected image sensing zone M’ as shown in FIG. 7.
Thus, the hatched area H shown in FIG. 8 is representa-
tive of the detected image sensing zone M’ shown in
FI1G. 7 and will therefore be hereinafter referred to also
as detected image sensing zone.

10

15

20

235

30

35

43

50

335

If a circle having a radius smaller than the radius of 60

the circular scanning area S is described about the ori-
gin O in the polar coordinates illustrated in FIG. 7, an

~area N’ equivalent to the previously mentioned basic

reference area N can be obtained within the scanning
area S. If, in this instance, the radius of the basic refer-
ence area N’ thus formed is selected to be equal to the
distance between the respective center points of the first
transducer element D and the p-th transducer element

65
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D, of the matrix array 94, the above mentioned basic
reference areas N’ is represented by the area R lower
than line f in the graph of FIG. 8. It therefore follows
that the area over which the basic reference area N’
shown in FIG. 7 is overlapped by the detected image
sensing zone M’ is represented by that portion Hf of the
detected image sensing zone H which is lower than the
line { in the graph of FIG. 8. Thus, the overlap area
between the basic reference area N’ and the detected
image sensing zone M’ shown in FIG. 7 is represented
by the portion Hf of the detected image sensing zone H
in the graph of FIG. 8 and can accordingly be digitally
detected by counting the number of the logic ““1” sig-
nals represented by the particular portion Hf, viz., the
number of the logic ““1”” output signals produced by the
first to p-th photoelectric transducer elements Dj to D,

“of the matrix array 94.

If, on the other hand, the basic reference area N’ as
above defined is displaced a predetermined distance
from its original position in four predetermined direc-
tions which are successively angled at 90 degrees to
each other, viz., forwardly, rearwardly, rightwardly
and leftwardly in FIG. 7, the resulting four areas are
respectively equivalent to the previously mentioned
modified reference areas Na, Nb, Nc¢ and Nd. When a
graphic representation similar to that of FIG. 8 is used,
each of the modified reference areas thus resulting from
the basic reference area N’ shown in FIG. 7 can be
represented by an area obtained by adding an incremen-
tal step or a decremental step to the basic reference area
R along the line { in respect of predetermined ranges of
angle of rotation of the matrix array 94 from the initial
line OX (FIG. 7) depending upon the direction in which
the modified reference area is displaced from the basic
reference area N'. In this instance, each of the areas
over which the detected image sensing zone M’ is over-
lapped by the individual modified reference areas re-
sulting from the basic reference area N’ can be repre-
sented by the number of the logic “1” signals obtained
by adding or subtracting a predetermined number to or
from the number of the logic “1” signals represented by
the portion Hf of the detected image sensing zone H
shown in FIG. 8 in respect of predetermined ranges of
angle of rotation of the matrix array 94 depending upon
the direction in which the modified reference area is
displaced from the basic reference area N' shown in
FIG. 7.

FIG. 9 shows examples of the programs in accor-
dance with which the four modified versions of the
basic reference area R illustrated in FIG. 8 are to be
obtained on the basis of the above described principle.
In FIG. 9, the modified reference areas area R in the
graphic representation of FIG. 8 are denoted by Ra, Rb,
Rc and Rd in graphs (a), (b), (¢) and (d), respectively.
The mod:fied reference areas Ra, Rb, Rc and Rd are
assumed to correspond to the first, second, third and
fourth modified reference areas Na, Nb, Nc and Nd,
respectively, shown in FIG. 4 and are thus obtained
when the basic reference area N’ shown in FIG. 7 is
displaced forwardly, rearwardly, rightwardly and left-
wardly in FIG. 7. Thus, the modified reference area Ra
obtained when the basic reference area N’ is displaced
forwardly in FIG. 7 is represented by an area formed by
subtracting a predetermined number q from the number
p of the logic ““1” signals produced at each of the prede-
termined angular intervals of 10 degrees in the vicinity
of 90 degrees from the initial OX (FIG. 7) and adding
the predetermined number q to the number p of the
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logic ‘17 signals produced at each of the predetermined
angular 1ntervals of 10 degrees in the vicinity of 270
degrees from the initial line OX, as indicated in graph
(a). Likewise, the modified reference area Rb resulting
from the displacement of the basic reference area N’ in
the rearward direction in FIG. 7 is represented by an
area obtained by adding the predetermined number q to
the number p of the logic *1” signals produced at each
of the predetermined angular intervals of 10 degrees in
the vicinity of 90 degrees from the initial line OX and
subtracting the predetermined number g from the num-
ber p of the logic “1” signals produced at each of the
predetermined angular intervals of 10 degrees in the
vicinity of 270 degrees from the initial line OX, as indi-
cated in graph (b). On the other hand, the modified
reference area Rc resulting from the displacement of the
basic reference area N’ in the rightward direction in
FIG. 7 1s represented by an area which is obtained by
adding the predetermined number q to the number p of
the logic “1” signals produced at each of the predeter-
mined angular intervals of 10 degrees in the vicinity of
the imitial line OX and subtracting the predetermined
number q from the number p of the logic “1” output
signals produced at each of the predetermined angular
intervals of 10 degrees in the vicinity of 180 degrees
from the 1nitial line OX, as indicated in graph (c). Con-
versely, the modified reference area Rd resulting from
the displacement of the basic reference area N’ in the
leftward direction in FIG. 7 is represented by an area
obtained by subtracting the predetermined number ¢
from the number p of the logic “1” signals produced at
each of the predetermined angular intervals of 10 de-
grees 1n the vicinity of the initial line OX and adding the
predetermined number q to the number p of the logic
“1”” signals produced at each of the predetermined an-
gular intervals of 10 degrees in the vicinity of 180 de-
grees from the initial line OX. Each of the angular
ranges over which the number p of the logic *“1” signals
produced at each of the predetermined angular intervals
1s to be mcreased or decreased by the predetermined
number q in the above described fashion is assumed, by
way of example, to be 90 degrees across each of 0, 90,
180 and 270 degrees from the initial line OX.

The four modified reference areas Ra, Rb, Rc and Rd
thus formulated graphically are respectively registered
in four different memory units (not shown) in terms of
the denotations respectively allocated to the individual
photoelectric transducer elements 96 of the matrix array
94 and the individual angular intervals of the rotation of
the matrix array 94 from the initial line OX shown in
FI1G. 7. Each of such memory units may comprise a
predetermined number of memory cells respectively
allocated to all the possible combinations of the above
mentioned angular intervals and the respective denota-
tions of the transducer elements 94 and may be electri-
cally connected to memory readout means operative to

dehiver address signals to the memory cells allocated to
each of the angular intervals at each of the aforesaid

time intervals. The memory units to be used for this
purpose are essentially similar in effect to the memory
units 48¢, 48b, 48c and 484 constituting the memory
circuit 48 shown in FIG. § and, for this reason, may be
assumed to be constituted by these memory units 48a,
43b, 48c and 48d, respectively. |

As the linear-configuration matrix array 94 is rotated
about the axis of rotation O thereof, the memory cells
constituting each of the memory units 484 to 484 are
sequentially sampled by suitable address signals which
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are produced in synchronism with the individual angu-
lar intervals of 10 degrees of rotation of the matrix array
94. Each of the memory units 48a to 484 is thus caused
to produce a logic *“1” output signal when the memory
cell sampled by such an address signal falls within the
modified reference area Ra, Rb, Rc or Rd registered in
the particular memory unit. The logic “1” output sig-
nals thus delivered from the individual memory units
48a to 484 are fed to two-input logic “AND” gate cir-
cuits forming part of an overlap area monitor circuit
similar in effect to the overlap area monitor circuit 42
shown in FIG. §, When incorporated into the embodi-
ment using the linear-configuration matrix array 94, the
overlap area monitor circuit 42 is arranged so that one
mput terminal of each of the logic “AND” gate circuits
60a to 60d is connected to the respectively associated
one of the memory units 48a to 484 and the other input
terminals of the “AND” gate circuits 60a to 60d are
jointly connected to the individual photoelectric trans-
ducer elements 96 (FIG. 7) of the matrix array 94.
When, thus, the matrix array 94 is moving over a por-
tion of the pattern on the drawing, each of the logic
“AND?” gate circuits 60a to 60d is supplied with a series
of logic *“1” signals from those transducer elements 96
of the matrix array 94 which fall within the detected
image sensing zone M’ shown in FIG. 7. Each of the
logic “AND” gate circuits 60a to 604 is therefore opera-
tive to produce a logic “1” output signal each time the
memory cell sampled in the respectively associated one
of the memory units 48a to 484 falls within the modified
reference area Ra, Rb, Rc or Rd registered in the mem-
ory unit and in addition the photoelectric transducer
element 96 corresponding to the particular memory cell
falls within the detected image sensing zone M’ shown
in FIG. 7. The logic “1” output signals thus produced
by the logic “AND” gate circuits 80a to 60d are sup-
plied to digital counter circuits similar in effect to the
counter ctrcuits 64a to 64 of the overlap area monitor
circuit 42 shown in FIG. 5. Each of the counter circuits
64a to 64d 1s clocked in synchronism with the clock
frequency at which the transducer elements 96 of the
matrix array 94 are sequentially clocked and is thus
operative to count the logic “1” output signals from the
associated “AND” gate circuit 60a, 605, 60c or 60d as
the transducer elements 96 are clocked and the memory
cells in the associated memory unit 484, 485, 48¢ or 484
are sampled. At the end of the full turn of the matrix
array 94 about the axis of rotation O thereof, an end-of-
frame signal is supplied to each of the counter circuits
64a to 644 and causes each counter circuit to produce
an output signal representative of the number of the
logic *“1” signals counted by the counter circuit. The
respective output signals produced by the counter cir-
cuits 64a to 64b are supplied to a suitable central pro-
cessing unit (not shown) which may be preferably con-
structed and arranged in such a manner as to conduct -
the steps represented by the flowchart of FIG. 6. It will

be apparent that each of the output signals thus deliv- .

- ered from the counter circuits 64a to 644 in the above
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‘described fashion is representative of the area over

which the hatched area H shown in FIG. 8 and repre- -

- sentative of the detected image sensing zone M’ shown

in FIG. 7 1s overlapped by each of the modified refer-

ence areas Ra, Rb, Rc and Rd shown in the graphs (a),
(b), (c) and (d), respectively, of FIG. 9. In FIG. 10, the
~overlap area between the detected image sensing zone

- H and the modified reference area Rc resulting from the

displacement of the basic reference area N’ (FIG. 7) is
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displaced in the rightward direction is indicated by a
cross-hatched area Hfc. In the graph of FIG. 10, the
angles @1, 07, 83, 84 and @5 are assumed to be 150°, 180°,
210°, 240° and 270°, respectively, from the initial line
OX in FIG. 7.

The numbers p and g to determine the modified refer-
ence areas Ra to Rd to be registered in the memory
units 48z to 48d, respectively, can be varied from the
central processing unit depending upon the desired
width of the cut to be made and/or the width of the
pattern to be traced.

Whitle 1t has been assumed that each of the described
embodiment of the system. according to the present
invention 1s used in combination with an oxyacetylene
cutting torch, the pattern tracing system herein pro-
posed 1s compatible with a cutting machine using any
other cutting tool such as a rotary blade or may be
incorporated into any of machines and equipment in
which the tracing of a given pattern is required. Fur-
thermore, the pattern to be traced by the system acc-
cording to the present mvention is not limited to a line
drawn on a sheet of paper but may be any geometrical
or graphic pattern drawn or otherwise occurring on a
uniplanar surface of any material insofar as the pattern
is monochromatically contrastive to the environment
on the pattern-carrying surface of the material.

While, furthermore, the image sensing unit of each of

the embodiments hereinbefore described has been as-
sumed to be responsive to the light reflected from the
front face of a drawing, it will be apparent that the
system according to the present invention may be used
in such a manner that the image sensing unit is respon-
sive to the light passed through the material carrying
the pattern to be traced, provided the pattern-carrying
material is transparent or transluscent. The material
carrying the pattern to be traced by the light reflected
from or passed through the material may be positioned
on any plane angled with respect to a horizontal plane
1f the image sensing unit is arranged to be movable on a
plane parallel with the plane on which the pattern-car-
rying material is placed.

If the material carrying the pattern to be traced is
placed on a movable table, the system according to the
present invention may be arranged so that the image
senstng unit 1s held stationary and the movable table
carrying the pattern-carrying material thereon is driven
to move with respect to the image sensing unit in re-
sponse to the signals supplied from the central process-
ing unit forming part of the tracing system.

While, furthermore, it has been described that the
signals to dictate the directions in which the image
sensing unit is to be moved are produced on the basis of
the four modified reference areas formed in four differ-
ent directions perpendicularly intersecting each other,
such signals may be produced on the basis of the modi-
fied reference areas formed in more than four different
directions equiangularly intersecting each other so as to
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achteve higher accuracy in duplicating the pattern to be

traced.

Only two preferred embodiments of the pattern trac-
ing system according to the present invention have been
described hereinbefore but it will be apparent that such
embodiments are merely illustrative of the essential gist
of the present invention and are subject to modification
and chage if desired.

What is claimed is:

1. A method of tracing a monochromatically con-
trasting pattern on a uniplanar surface, comprising
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photoelectrically scanning at least a portion of the
patiern on said uniplanar surface for producing
signals forming on a plane substantially parallel
with said uniplanar surface a detected image sens-
ing zone substantially similar in configuration to
said portion of the pattern on said uniplanar sur-
face,

registering pieces of information representative of a

predetermined number of modified reference areas
each displaced a predetermined distance in a prede-
termined direction from a prescribed basic area on
said plane,

sampling said pieces of information for delivering

signals representative of each of the individual
modified reference areas,
producing in responsive to the signals representattive
of said detected image sensing zone and the signals
representative of each of said modified reference
areas a signal representative of the overlap area
over which the detected image sensing zone is
overlapped by each of the modified reference area,

selecting from among the individual signals respec-
tively representative of the overlap areas between
sald detected image sensing zone and said modified
reference areas a signal representative of an over-
lap area satisfying predetermined conditions,

producing a control signal representative of the pre-
determined direction allocated to the modified
reference area corresponding to the signal selected,
and

photoelectrically scanning another portion of the

pattern on said uniplanar surface depending upon
said control signal.

2. A method as set forth in claim 1, in which said
pattern on said uniplanar surface is scanned by the use
of an area-configuration matrix array movable on said
plane and comprising a predetermined number of rows
each consisting of a predetermined number of photoe-
lectric transducer elements arranged linearly, said pat-
tern being scanned by selecting said rows in a predeter-
mined sequence and sequentially sampling the individ-
ual transducer elements of the selected row at a prede-
termined frequency, said matrix array being moved in
the direction represented by said control signal.

3. A method as set forth in claim 2, in which the
pieces of information representative of each of said
modified reference areas are stored in a memory unit
comprising a predetermined number of memory cells
respectively allocated to said transducer elements of
said matrix array, said memory cells being sequentially
sampled at a frequency substantially synchronized with
said predetermined frequency for producing said signals
representative of satd modified reference areas.

4. A method as set forth in claim 1, in which said-
pattern on said uniplanar surface is scanned by the use
of a linear-configuration matrix array which is rotatable
about an axis substantially normal to said plane and
which comprises a predetermined number of photoelec-
tric transducer elements arranged linearly between the
innermost and outermost ends of the matrix array and
having respective denotations in terms of their respec-
tive distances from said axis, said photoelectric trans-
ducer elements being sampled at each of predetermined
angular intervals about the axis of rotation of the matrix
array. | |

5. A method as set forth in claim 4, in which the
pleces of information representative of each of said
modified reference areas are stored in a memory unit
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comprising memory cells respectively allocated to all
the possible combinations of said angular intervals and
the respective denotations of said transducer elements,
said memory cells being sampled at each of time inter-

vals respectively corresponding to said predetermined
angular intervals, said matrix array being moved in the

direction respresented by said control signal.
6. A method as set forth in claim 2 or 3, in which said

matrix array 1S movable in substantially perpendicularly

crossing four different directions on said plane and in
which the predetermined directions in which said modi-
fied reference areas are respectively displaced from said
basic reference area correspond to said four different
directions, respectively.

7. A method as set forth in claim 4 or 5, in which the
axis of rotation of said matrix array is movable in sub-
stantially perpendicularly crossing four different direc-
tions on said plane and in which the predetermined

directions in which said modified reference areas are

respectively displaced from said basic reference area
correspond to said four different directions, respec-
tively.

8. A method as set forth in any one of claims 1 to 5
in which the signal representative of each of said over-
lap areas is produced by producing a predetermined
binary signal in the presence of both of the signal falling

within said detected image sensing zone and the signal
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falling within each of said modified reference areas and

counting the resultant bmary signals.

9. A method as set forth in any one of claims 1 to 5,

in which the signal representative of the overlap area
satisfying said predetermined conditions is selected by a
process comprising a first step of registering the signals

respectively representative of said overlap areas, a sec-

ond step of determining whether or not all the overlap
areas respectively represented by the signals registered
in the first step are zeros, a third step of producing a

signal if the answer in the second step is in the affirma-

tive, a fourth step of excluding from the signals regis-
tered 1n the first step a signal representative of the over-
lap area corresponding to the modified reference area
displaced from said basic reference area in a direction
corresponding to the direction represented by the con-
trol signal produced in an immediately preceding cycle

of operation if the answer in the second step is in the

negative, a fifth step of determining whether or not only
one of the overlap areas respectively represented by the
signals remaining in said fourth step is closer to a prede-
termined value than the overlap areas respectively rep-
resented by the others of the remaining signals, a sixth
step of producing as the first named control signal a
signal representative of the predetermined direction in
which the modified reference area correSpondmg to
said only one of the overlap areas if the answer in the
fifth step is in the affirmative, a seventh step of produc-
ing as the first named control signal a signal representa-
tive of the direction represented by the control signal
produced in the 1mmedlately preceding cycle of opera-

tion iIf the answer in the fifth step is in the. negatwe, and

an eighth step of registering the 51gnal produced in the
sixth or seventh step.
10. A photoelectric pattern tracing system for tracing

a monochromatically contrasting pattern on a unlplanar

surface, compnsmg

an image sensing unit which is movable on a plane
substantially parallel with said uniplanar surface
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prises a predetermmed number of memory cells fespec-- |
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a predetermined number of memory units each hav-
ing stored therein pieces of information representa-
tive of a modified reference area displaced a prede-
termined distance in a predetermined direction
from a prescrlbed basic reference area on said
plane,

image readout means 0perat1ve to electrlcally scan
said image sensing unit for causmg the image sens-

ing unit to deliver signals in response to at least a
portion of said pattern, said 31gnals forming on said
plane a detected image sensing zone substantially

~ similar in ‘configuration to said portion of said pat-
tern, |

memory readout means operative to sample the
pieces of information stored in each of said mem-
ory units for causing the individual memory units
to deliver signals representative of the modified
reference areas respectively allocated to the mem-
Ory units, |

an overlap area monitor circuit responswe to the
signals delivered from said image sensing unit and
said memory units and operative to produce a sig-
nal representative of the overlap area over which
the basic reference area represented by the signals
delivered from the image sensing unit is overlapped
by the modified reference area represented by the
signals delivered from each of said memory units,

computing means responsive to the signals from said
overlap area monitor circuit and operative to select
from among the signals produced by the overlap
area monitor circuit a signal representative of an
overlap area satisfying predetermined conditions
and to produce an output signal representative of
the predetermined direction allocated to the mem-

~ory unit from which the signals resulting in the

signal selected by the computing means are deliv-
ered, and

drive means responsive to the output signal from the
computing means and operative to drive said image
sensing unit to move a predetermined distance on
sald plane in the direction represented by the out-
put signal from the computing means. .

11. A photoelectric pattern tracing system as set forth

in claim 10, in which said image sensing unit comprises

an area-configuration matrix array comprising a prede-
termined number of rows each consisting of a predeter-
mined number of photoelectric transducer elements
arranged linearly and in which said image readout
means 1s electrically connected to the transducer ele-
ments of all the rows and is operative to select the rows

In a predetermined sequence and to sequentially sample

the individual transducer elements of the selected row

at a predetermined frequency. |
12. A photoelectrlc pattern tracing system as set forth |
in claim 11, in which each of said memory units com-

. twely allocated to the transducer elements of satd image

sensing unit-and in which said memory readout meansis

electrically connected between said 1rnage readout
means and each of said memory units and is operative to
deliver a succession of address signals to said memory

‘cells, respectively, of each of the memory units at a

frequency substantially synchromzed wzth said prede-

- termined frequency.

65

13. A photoelectnc pattern tracmg system as set forth

~ in claim 10, in which said i image sensing unit comprises

and which is photoelectrically responsive to the _ _
- ‘tatable about an axis substantially normal to said plane

pattern on the uniplanar surface,

-a linear-configuration rotary matrix array which is ro-



4,321,682

19

and which comprises a predetermined number of photo-
electric transducer elements arranged linearly between
the innermost and outermost end of the matrix array
and having respective denotations in terms of their
respective distances from said axis, said image readout
means being electrically connected to said transducer
elements and being operative to sample the individual
transducer elements at each of predetermined angular
intervals about said axis.

14. A photoelectric pattern tracing system as set forth
in claim 13, in which each of said memory units com-
prises a predetermined number of memory cells respec-
tively allocated to all the possible combinations of said
angular intervals and the respective denotations of said
transducer elements and in which said memory readout
means 1s electrically connected between said image
readout means and each of said memory units and is
operative to deliver address signals to the memory cells
allocated to each of said angular intervals at each of said
time intervals.

15. A photoelectric pattern tracing system as set forth
in any one of claims 10 to 12, in which said image sens-
ing unit 1S movable in substantially perpendicularly
crossing four different directions on said plane and in
which the predetermined directions in which said modi-
fled reference areas are resprectively displaced from
said basic reference area correspond to said four differ-
ent direction, respectively.

16. A combination of a photoelectric pattern tracing
system as set forth in claim 15 and a machine tool in-
cluding at least one machining member mechanically
connected to and movable with said image sensing unit.

17. A photoelectric pattern tracing system as set forth
in claim 13 or 14, in which the axis of rotation of said
matrix array is movable in substantially perpendiculary
crossing four different directions on said plane and in
which the predetermined directions in which said modi-
fied reference areas are respectively displaced from said
basic reference area correspond to said four different
directions, respectively.

18. A photoelectric pattern tracing system as set forth
in any one of claims 10 to 14, in which said overlap area
monitor circuit comprises logic gate circuits electrically
connected jointly to said image sensing unit and respec-
tively to said memory units and each operative to pro-
duce a predetermined binary signal in the presence of
both of the signal delivered from the image sensing unit
and the signal delivered form the respectively associ-
ated one of the memory units, and resettable counter
circuits respectively connected to said logic gate cir-
cuits and each operative to count the binary signals
delivered from the respectively associated one of the
logic gate circuits, said counter circuits being jointly
connected to said image readout means for belng reset
each time all the transducer elements of the image sens-
ing unit are sampled.

19. A combination of a photoelectric pattern tracing
system as set forth in claim 18 and a machine tool in-
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cluding at least one machine tool mechanically con-
nected to and movable with said image sensing unit.
20. A photoelectric pattern tracing system as set forth
in any one of claims 10 to 14, in which said computing
means comprises first means for registering the signals
delivered from said overlap area monitor circuit and
respectively representative of the overlap areas over
which said detected image sensing unit is overlapped by
the modified reference areas respectively allocated to
saild memory units, second means for determining
whether or not all the overlap areas respectively repre-
sented by the signals registered in said first means are
zeros, third means responsive to the positive answer in
the second means, fourth means responsive to the nega-
tive answer in the second means and operative to ex-
clude from the signals registered in said first means the

signal representative of the overlap area over which

said detected image sensing zone is overlapped by the
modified reference area displaced from said basic refer-
ence area In the direction corresponding to the direction
in which said image sensing unit is moved in an immedi-
ately preceding cycle of operation, fifth means for de-
termining whether or not only one of the overlap areas
respectively represented by the signals remaining in said
fourth means is closer to a predetermined value than the
overlap areas respectively represented by the others of
the remaining signals, sixth means responsive to the
affirmative answer in the fifth means for producing a
signal representative of the predetermined direction
allocated to the memory unit from which the signals
resulting in the signal representative of said only one of
the overlap areas are delivered, seventh means respon-
sive to the negative answer in said fifth means for pro-
ducing a signal representative of the direction in which
sald 1mage sensing unit is moved in said immediately
preceding cycle of operation, the signal delivered from
etther of said sixth and seventh means being fed to said
drive means, and eighth means for registering therein
and in said fourth means the signal delivered from the
sixth or seventh means.

21. A combination of a photoelectric pattern tracing
system as set forth in claim 20 and a machine tool in-
cluding at least one machining member mechanically
connected to and movable with said image sensing unit.

22. A combination of a photoelectric pattern tracing
system as set forth in any one of claims 10 to 14 and a
machine tool including at least one machining member
mechamcally connected to and movable with sald
image sensing unit.

23. A combination as set forth in claim 22, in which
said machining member is constituted by an oxyacety-
lene cutting torch.

24. A combination as set forth in claim 22, in which
sald machining member is constituted by a rotary cut-
ting blade rotatable about an axis movable with said

tmage sensing unit.
| X kX ¥ %k X
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